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(54) [Title of the Invention] LIGHTWEIGHT CARBON MATERIAL AND 
ITS PRODUCTION 

(57) [Abstract] 

[Purpose] It is an object of the invention to provide a lightweight carbon 
material having a low bulk density but a high mechanical strength, an 
excellent heat insulating property, and durability. 

[Constitution] In the material of the invention, carbon fibers with an 
average fiber length of 0.1- 20 mm are bonded in a dispersed state with a 
carbonized or graphitized material of a thermosetting resin, and the material 
has a bulk density of 0.2 g/cm 3 or lower, and a compressive strength of 20 
kg/cm 2 or higher. 



[Claims] 

[Claim 1] A lightweight carbon material in which carbon fibers with an 
average fiber length of 0.1- 20 mm are bonded in a dispersed state with a 
carbonized or graphitized material of a thermosetting resin, said material 
having a bulk density of 0.2 g/cm 3 or lower and a compressive strength of 20 
kg/cm 2 or higher. 

[Claim2] A producing method of a lightweight carbon material comprising 
the following steps of: 

(1) a step of forming a sheet A by dispersing and mixing in water 100 parts 
by weight of carbon fibers with an average fiber length of 0.1- 20 mm and 20- 
99 parts by weight of thermosetting resin powder which is can be carbonized 
or graphitized, 

(2) a step of forming a sheet B by dispersing and mixing in water 100 parts 
by weight of carbon fibers with an average fiber length of 0.1- 20 mm and 
100- 500 parts by weight of thermosetting resin powder which can be 
carbonized or graphitized, 

(3) a step of heat-press forming a laminate of said sheet A and said sheet B at 
80- 250 °C so that the laminate is not completely cured, said laminate in 
which said sheet A and said sheet B is alternately disposed and both the 
uppermost surface and the lowermost surface of the laminate are the sheet A, 
and thereafter cooling the laminate under the state of being pressed so as to 
densify the laminate, 

(4) a step of reheating the densified sheet to 120- 250 °C to expand the sheet 
and completely set the resin, and 

(5) a step of carbonizing or graphitizing the thermally expanded sheet. 
[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to a porous lightweight 
carbon material with an excellent heat insulation property, heat resistance, 
durability, and mechanical strength, and its producing method. 



[0002] 

[Prior Arts] In recent years, techniques to utilize materials in high 
temperatures has been making a progress, and high-temperature furnaces 
for 1500 °C or higher have been utilized for producing not only conventional 
sintered ceramics and sintered metals but single crystalline silicon and other 
semiconductor materials. In particular, as more highly integrated circuits 
have become more highly integrated, high purity has been required for single 
crystalline silicon and the like which is used for a substrate of such 
integrated circuits. For this reason, the development of a material 
containing no metal atoms such as ceramics and carbon materials which 
contain little impurities has been desired as the material usable for the 
furnace walls and heat insulating materials in a furnace for producing such 
semiconductor materials and the like. As a material which meets such a 
requirement, a graphite material with a bulk density of 1 g/cm 3 or higher has 
already been made available for the furnace walls, and a lightweight carbon 
material with a bulk density of 0.3 g/cm 3 or lower has recently become 
available for the purpose of heat insulation. 

[0003] As an example of such a lightweight carbon material, there is 
disclosed a method in which a thermosetting resin, pitch and the like is 
impregnated in a web, felt, mat, or cloth composed of carbon fibers, then the 
resulting matter is heated and cured, and thereafter sintered in a vacuum or 
inert gas atmosphere (see, for example, Japanese Patent Publication No. 50- 
35930, etc.). However, lightweight carbon materials obtained by such 
methods are susceptible to deterioration of evenness and thereby heat 
insulating properties since unevenness of the resin impregnation is likely to 
be caused in a step of impregnating resin. Moreover, an accuracy of the 
dimension of the product is rendered low since the product is likely to be 
warped in a sintering step, which follows the resin impregnation. 
[0004] Another known method is that relatively inexpensive carbon fibers, 
milled or chopped fibers are impregnated or mixed with a thermosetting 
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resin and the like such as phenolic resin, then filled into a mold and sintered. 
According to this method, it is possible to produce a material with a wide 
range of bulk density, and to freely select the shape of the material. 
However, the aforementioned carbon fibers, and milled or chopped fibers are 
5 comparatively bulky, and therefore it is difficult to fill them into the mold. 
In addition, they are not satisfactory in light of the evenness. 
[0005] In the Japanese Unexamined Patent Publication No. 03-141170, 
there is disclosed a method for producing a carbon fiber felt with an 
appropriate hardness by blending carbon fibers and thermally-fusible fibers 
10 which can be turned into carbon fibers, mechanically bonding them, and 
then sintering them. However, this method has very much complicated 
manufacturing steps, and moreover the resulting material does not have 
sufficient mechanical strengths. 

[0006] In the Japanese Unexamined Patent Publication No. 03-69573, 
15 there is disclosed a producing method of a carbonaceous thermal insulation 
material characterized in that a mixture of carbon fibers and foamable resin 
is foamed and shaped, and thereafter sintered. However, according to this 
method, the dimension of the material greatly changes in sintering, and the 
resulting material does not retain sufficient evenness and mechanical 
20 strengths. 
[0007] 

[Problems to be solved] Accordingly, it is an object of the present invention 
to provide a lightweight carbon material having large mechanical strengths 
even with a small bulk density, which is excellent in heat insulating property 

25 and durability, and to provide a method for producing thereof. It is another 
object of the present invention to provide a method for producing a 
lightweight porous carbon material without complicated steps such as a step 
of resin-foaming and using a foaming agent, but by a simple operation of 
thermal expansion forming (lofting). 

30 [0008] 



[Means to solve the problems] The present inventors have found as a result 
of extensive studies that, when a sheet obtained by dispersing and mixing in 
water carbon fibers and thermosetting resin powder is formed into a dense 
sheet by heat-pressing while restricting the cure of the resin and thereafter 
the resulting sheet is reheated to a temperature higher than the melting 
temperature of the above-mentioned resin, the dense sheet is thermally 
expanded and made to be a porous material. The present invention have 
thus been accomplished. 

[0009] The first aspect of the present invention is a lightweight carbon 
material in which carbon fibers with an average fiber length of 0.1- 20 mm 
are bonded in a dispersed state with a carbonized or graphitized material of 
a thermosetting resin, and the material has a bulk density of 0.2 g/cm 3 or 
lower and a compressive strength of 20 kg/cm 2 or higher. 

[0010] The second aspect of the present invention is a method of producing 
a lightweight carbon material comprising the following steps. 

(1) A step of forming a sheet A by dispersing and mixing in water 100 parts 
by weight of carbon fibers with an average fiber length of 0.1- 20 mm and 20- 
99 parts by weight of thermosetting resin powder which can be carbonized or 
graphitized. 

(2) A step of forming a sheet B by dispersing and mixing in water 100 parts 
by weight of carbon fibers with an average fiber length of 0.1- 20 mm and 
100- 500 parts by weight of thermosetting resin powder which can be 
carbonized or graphitized. 

(3) A step of heat-press forming a laminate of the sheet A and the sheet B at 
80- 250 °C so that the laminate is not completely cured, the laminate in 
which the sheet A and the sheet B is alternately disposed and both the 
uppermost surface and the lowermost surface of the laminate are the sheet A, 
and thereafter cooling the laminate under the state of being pressed so as to 
densify the laminate. 

(4) A step of reheating the densified sheet to 120- 250 °C to expand the sheet 
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and at the same time to completely set the resin. 

(5) A step of carbonizing or graphitizing the thermally expanded sheet. 
[0011] Now, the present invention is more specifically described hereinafter. 
A lightweight carbon material of the present invention is a lightweight 
5 porous carbon material in which carbon fibers with an average fiber length of 
0.1- 20 mm are bonded in a dispersed state with a carbonized or graphitized 
material of a thermosetting resin, and have a bulk density of not more than 
0.2 g/cm 3 and a compressive strength of not less than 20 kg/cm 2 . If the bulk 
density is more than 0.2 g/cm 3 , the material has such disadvantages that the 

10 thermal conductivity becomes high and so forth. If the compressive 
strength is less than 20 kg/cm 2 , the mechanical strengths become insufficient. 
In both the above cases, the material is not suitable for a use as a lightweight 
carbon material which is intended to be used for a heat insulation purpose. 
[0012] As the carbon fibers for constituting the lightweight carbon material 

15 of the present invention, carbon fibers consisting of at least one type of a 
pitch-based or PAN-based carbon fibers should be used. It is preferable that 
the average fiber length of the carbon fibers be in the range of 0.1- 20 mm, 
and more preferably in the range of 1- 10 mm. If the average fiber length is 
shorter than 0.1 mm, it is undesirable since the thermal expansion becomes 

20 insufficient and the strength also decreases. If the average fiber length is 
longer than 20 mm, it is undesirable since the thermal expansion becomes 
insufficient. As for the average fiber diameter, it is preferable to be in the 
range of 2- 100 //m, and more preferable to be in the range of 5- 50 jum. If 
the average fiber diameter is less than 2 jum, the thermal expansion is likely 

25 to be deteriorated, while if the average fiber diameter is more than 100 //m, 
the sufficient evenness of fibers and resin cannot be obtained. 
[0013] The carbonized or graphitized material of thermosetting resin 
constituting the lightweight carbon material of the present invention are, for 
example, the carbonized or graphitized material of phenolic resin, furan 

30 resin, furfural resin, modified phenolic resin, COPNA resin, and the like. 



The carbonized material or graphitized material of phenolic resin includes a 
carbonized material or graphitized material of a thermosetting phenolic 
resin obtained by the reaction of phenols and aldehydes, a nitrogen- 
containing thermosetting phenolic resin obtained by the reaction of phenols 
and aldehydes and nitrogen-containing compounds, and the like. Of these 
carbonized or graphitized materials of thermosetting resin, the carbonized or 
graphitized material of phenolic resin is particularly preferable. In order to 
prevent a deterioration of mechanical strengths of the porous carbon 
material and to adjust the bulk density, a carbonization yield of the 
thermosetting resin is approximately between 40 to 75 wt.%, more preferably 
between 50 to 75 wt.%, and the carbonization yield of the above-mentioned 
phenolic resin is normally approximately between 55 to 75 wt.%. 
[00 14] The carbon fibers in the present invention are bonded in a dispersed 
state with the carbonized or graphitized material of the thermosetting resin, 
and the ratio can be selected in consideration of a strength and the like of the 
lightweight carbon material. However, it is preferable that two kinds of 
sheets each having a different content ratio be alternately disposed, and for 
example, it is preferable that one sheet contains 8 to 74 parts by weight of 
the carbonized or graphitized material of thermosetting resin with regard to 
100 parts by weight of carbon fibers, while the other sheet contains 75 to 375 
parts by weight of the carbonized or graphitized material of thermosetting 
resin with regard to 100 parts by weight of carbon fibers. 
[00 15] In addition, the lightweight carbon material of the present invention 
can contain a carbonized or graphitized material of fibers or paper pulp. 
The examples for such materials include the carbonized or graphitized 
materials of polyacrylonitrile fibers, phenolic resin fibers, pitch-based fibers, 
rayon pulp, regenerated cellulose fibers such as rayon fibers and polynosic 
fibers, cellulose-based organic fibers such as cellulose acetate, and the like. 
These carbonized or graphitized materials of fibers or pulp usually have a 
carbonization yield of 50 % or lower, and are used within the range of 10 to 
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50 parts by weight with regard to 100 parts by weight of the above- 
mentioned carbon fibers. 

[0016] The lightweight carbon material of the present invention can be 
obtained according to the following example. Firstly, 100 parts by weight of 
the carbon fibers with an average fiber length of 0.1- 20 mm and 20- 99 parts 
by weight of thermosetting resin powder which can be carbonized or 
graphitized are dispersed and mixed in water. Thereby, the carbon fibers 
and the thermosetting resin powder are sufficiently mixed and dispersed, 
and a composite state in which the carbon fibers are evenly dispersed in the 
thermosetting resin powder is obtained. 

[0017] The pitch -based and PAN-based carbon fibers are usable as the 
carbon fibers in the above step either in combination or alone. The 
thermosetting resin is the one before carbonized or graphitized as explained 
above. In many cases these are used in a powdered state or an aqueous 
dispersed solution, and it is preferable that the grain diameter of the powder 
be 0.4 mm or smaller, and more preferably be in the range of 0.04- 0.4 mm. 
At least one kind of these can be used. 

[0018] A slurry is prepared by sufficiently mixing the carbon fibers and the 
thermosetting resin powder in water, and thereafter a sheet is formed. In 
forming the sheet, it is preferable that a solid content and liquid content be 
separated so that the solid content in the water is made into a sheet-like 
shape in a similar manner to a preparation of paper. A sheet prepared 
according to this manner is hereinafter referred to as a 'sheet A\ The sheet 
A contains 50 wt.% or higher of carbon fibers, and it mainly serves as a 
thermal expansion layer in heat-forming. 

[0019] Thereafter, a sheet B is prepared according to the same manner as 
the sheet A except that 100 to 500 parts by weight of thermosetting resin 
powder which can be carbonized or graphitized is used with respect to 100 
parts by weight of the carbon fibers. The sheet B contains 50 wt.% or more 
of the thermosetting resin powder, and mainly functions as an adhesive layer 
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in heat-forming. 

[0020] The resulting sheet A and B, both in a wet state, are dried, and then 
alternately disposed so as to form a laminate in which the upper most layer 
and the lowermost layer are composed of the sheet A. Then the laminate is 
5 heat-pressed without setting the thermosetting resin, and thereafter cold- 
pressed. The preferable temperature in heat-pressing differs depending on 
the types of thermosetting resins to be used, but it is normally in the range of 
80- 250 °C, and more preferably in the range of 100- 150 °C. As for the 
pressure, it should be in the range of 3- 100 kg/cm 2 , and more preferably in 

10 the range of 3- 80 kg/cm 2 . The time for the heat-pressing can be selected 
from the range of 0.5- 10 minutes, and more preferably from the range of 1- 5 
minutes. In addition to this, the cold-pressing should be carried out with 
the same pressure, at a temperature of 10- 50 °C, for 1- 5 minutes. Thereby, 
it is made possible to obtain a relatively dense laminated sheet with a 

15 thickness of approximately 5- 50 mm, and a bulk density of approximately 
0.50- 0.70 g/cm 3 . 

[0021] In the laminated sheet thus obtained, the thermosetting resin is not 
yet cured, and therefore by reheating it at a temperature higher than the 
melting temperature of the thermosetting resin, the carbon fibers, which are 

20 bent in the composite under a dense state, are extended by their elasticity as 
the thermosetting resin is melted. Thereby, the laminated sheet can be 
thermally expanded, and particularly the sheet A, in which the content of the 
carbon fibers is large, is thermally expanded greatly. On the other hand, 
the sheet B, in which the content of the thermosetting resin is large, is 

25 thermally expanded to a certain degree, and therefore a porosity as a whole 
is not deteriorated. Moreover, since it easily flows in heating, it also 
functions as an adhesive layer and a unity of the porous sheet can be 
maintained. In the present invention, utilizing such a thermal expansion 
and adhesiveness as above, a porous sheet with a high strength is obtained 

30 in accordance with the following steps. 
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[0022] In the present invention, the aforementioned densified laminated 
sheet is placed between the press plates, and thermally expanded by being 
reheated to 120- 250 °C, and at the same time the thermosetting resin is 
completely cured, while the degree of the thermal expansion is controlled so 
that the thickness of the sheet does not exceed a predetermined thickness (so 
that a certain clearance is retained). The temperature and time of heating 
in this step can be arbitrarily selected depending on the types of the 
thermosetting resin to be used and the thickness of the laminated sheet, but 
in normal cases where the sheet is held at a temperature of 120- 250 °C for 
20- 80 minutes, and more preferably at a temperature of 130- 230 °C for 20- 
80 minutes, the thermal expansion is caused mainly in a portion of the sheet 
A, and a completely cured porous sheet can be obtained. The pressure to be 
applied in this step may be any pressure higher than the pressure of the 
thermal expansion, but it is normally selected within the range of 1- 10 
kg/cm 2 . The means for applying the pressure higher than the pressure of 
thermal expansion may be a press machine which is set to apply a pressure 
so that the thickness does not become smaller than a predetermined 
thickness, or may be a spacer, mold, and the like to control the thickness so 
that it does not become thinner than a predetermined thickness. 
[0023] In the above-mentioned thermal expansion step, the method is not 
limited to the one described above. The completely cured porous sheet can 
be obtained consecutively with the use of a pair of endless belts which are set 
to apply such a pressure that the thickness does not become smaller than a 
predetermined thickness. 

[0024] The aforementioned completely cured porous sheet is carbonized or 
graphitized, and the lightweight carbon material of the present invention is 
thus obtained. In this step, it is preferable that the baking temperature be 
not less than 800 °C, and more preferably be in the range of 1000- 3000 °C. 
This baking is carried out in a vacuum or an inert gas, and nitrogen, helium, 
argon, and the like are usable as the inert gas. 
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[0025] 

[Effects] According to the present invention, carbon fibers and a carbonized 
or graphitized material of a thermosetting rein are made to be in a dispersed 
state, and moreover, the thermosetting resin is densified by heat-pressing 

5 without being completely cured and thereafter reheated, and thereby the 
carbon fibers, which are bent in a composite under a dense state, are 
extended by their elasticity as the thermosetting resin is melted, resulting in 
an expansion of the whole composite and complete curing of the 
thermosetting resin, and as a result, it is made possible to obtain a porous 

10 lightweight carbon material. This lightweight carbon material, although 
being a porous material, has an even structure reinforced by the carbon 
fibers and has excellent mechanical strengths, and therefore is useful, for 
example, as a heat insulating material for high- temperature baking 
furnaces. 

15 [0026] 

[Embodiments] Now the preferred embodiments of the present invention 
are specifically explained in accordance with the examples hereinbelow. 
Examples 1 to 3 

As carbon fibers, pitch-based carbon fibers with an average fiber length of 
20 3mm, (DONACARBO S-231, manufactured by Donak Co., Ltd., with a fiber 
diameter of 13 jum) and as a thermosetting resin, phenolic resin (BELPEARL 
S-895, manufactured by Kanebo Co., Ltd.) were dispersed evenly in water, 
and a slurry was obtained. A sheet was formed from the slurry with a 
method of paper preparation, and then dried. A carbon fiber-reinforced 
25 phenolic resin sheet A with a weight per square meter of 400 g/m 2 containing 
60 wt.% of carbon fibers was thus obtained. Separately, using the 
aforementioned pitch-based carbon fibers and phenolic resin, a carbon fiber- 
reinforced phenolic resin sheet B with a weight per square meter of 300 g/m 2 
containing 30 wt.% of carbon fibers was obtained according to the same 
30 manner as above. 
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[0027] Subsequently, the aforementioned sheet A and sheet B were cut into 
a square shape (300 mm x 300 mm) and there were formed three types of 
laminates in which the sheet A and sheet B are alternately piled up in order 
that the uppermost surface and the lowermost surface are the sheet A, one 
type having 7 sheets piled up in total, another type having 11 sheets, and 
further another type having 15 sheets. Each of these laminates was 
sandwiched between two press plates made of aluminum with a size of 400 
mm x 400 mm x 10 mm from the top and the bottom of the laminate, then 
heat-pressed under a pressure of 50 kg/cm 2 at a temperature of 140 °C for 2 
minutes with the use of a hydraulic press machine (manufactured by Shindo 
Kinzoku Kogyosho Co., Ltd., the maximum press capability being 50 ton), 
and then cold-pressed under the same pressure at a temperature of 40 °C for 
2 minutes. The dense and uncured sheets C, D, and E each with a bulk 
density of approximately 0.6 kg/cm 3 were thus obtained. Thereafter, all four 
sides of each uncured sheet are surrounded with 4 spacers made of 
aluminum each with a length of 300 mm and a width of 25 mm, and then 
sandwiched between the above-mentioned press plates. The spacers with a 
thickness of 14 mm, 22 mm, and 30 mm were used for the uncured sheets C, 
D, and E, respectively. 

[0028] Thereafter, with the use of the above-mentioned heat-press machine, 
the uncured sheets were held under a pressure of 5 kg/cm 2 , at 140 °C for 30 
minutes and then at 170 °C for 30 minutes, and thereby the sheets were 
heat-expanded and completely cured while the degree of thermal expansion 
being controlled. The porous sheets having a thickness of 4 mm, 22 mm, 
and 30 mm, respectively, and each with a bulk density of 0.15 g/cm 3 were 
thus obtained. Then, these porous sheets were baked at 2000 °C in an inert 
gas atmosphere for 6 hours, and the lightweight carbon materials I, J, and K 
free from a warp and distortion were thus obtained. The lightweight carbon 
materials I, J, and K thus produced had a bulk density of 0.15 kg/cm 1 and a 
thickness of 12 mm, 19 mm, and 26 mm, respectively. The compressive 
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strengths of the materials I, J, and K were 21, 22, and 22 kg/cm 2 respectively, 
measured with a bench hydraulic press (manufactured by Tester Sangyo Co. 
Ltd.) 
[0029] 

[Effects of the Invention] As apparent from the description thus far, the 
lightweight carbon material according to the present invention is reinforced 
by fibers, achieves large mechanical strengths even with a small bulk 
density by the effect the intertwinement of the fibers, can be easily produced, 
and is excellent in durability. Therefore, the lightweight carbon material of 
the present invention is useful as a heat insulating material for high- 
temperature baking furnaces. 
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mo)fc<t®ttl*g&ttM£.LXlZ, 7x;- 

x -;i^flg4if(7)^b ! fe*fc{ill»fb ! l&^*ns. 
cin«D(7Mw^{bt£Wfli(7)^bfe*fettil«&<b^<7)e) *>> 

aaEaxsT«:i»ihu, 40-7 



y, MB^x^-;wWflg^biR^ttx 9S5 5~7 5 
[0 0 1 4] *^k:fct-t-5^ia»ii:«iS!{bt±l»^a> 

- h tfBtmm 1 0 0M«a5lC*tUTfl!«S!{bffl»flB«)^ 

10 *ti*i 1 0 omam^\jxm^mmnmmtit 

ttMUMttoi 5-3 7 5MSa^ST-fe«»z:i:^*b 

[0015] **»&)<HUKXtttt> mm*>\j< 

y-l>u^4H<7)^b^*fc(illl&«5t)W«btiS. zti 
20 «D(7)lieNI*>b<{*^^b^<Z)^b^*fcttll«&<b%{i, 

0 0Mi:8MC*fLTl 0~5 OM£ffl0)imxm^<b1X 

[0016] *%m<mmmimtt: m.mTo>*$ 
izi,xmz>z.£&xt*z>o ¥*a»£go. 1-2 

Omm^aSil 0 0£ftffifcjftbXlttMMCT£& 

Hfeei{bttffiM»*2 0-9 9 MSB* & 

-e-rs. ^ncj:yfiei^fc*^i3JMBfb^ri6«» 

mmmimmt ftT£Hb3it*ii$& 

30 ^b^tB4^^bf4W^*^{CjK5l§l®NI^-K:^Sc^ 
ftfc«^b0>W8i:&S. 

[0 0 17] ciosv^i^^aatiiLTtt:, hfy 

m FAN%<Dmmffl&zw$GLim&Lxm^z. 
£&X'i*z. mmmmm^ m^ommmmo>^ 

ffioyjmimmmx&Zo ztummzttftWMt u 

0: 4mmOT, &Wft£L<l±0. 04-0. 4mm 

40 s^-razii:^^^. 

[0 0 18] *+^i(9l^t*^i«MMt^r«B«» 

S/->odJ»*K:»*» M*b<teS>*K 

*mtft5oaa%j3Lt**LTasy, %mmK£.k. 
bxmmstLxoxmt&tto 

[0 0 19] ^3H«»6l 0 0M»(C**UT«fb 

so X(iH»ib^'5;««8l'fbttW^t&* i o o ~ 5 o o m* 
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mzmm-tzzktum&^xi/- h b zmmtz. ^ 
— h b ti, mmtmxim** * 5 o M^at^u 

"To 

[0 0 2 0] CWcfc^CLT^ f#«bft£SofcS/- h A 
;R.tfBft$8!iUfc&, $/-hAa<ftfc®i;*T«®i:fc 
SioC is— hAkis— h B i £3S5tcBBEl/"C8UI 

«S&*ft ®Sli8 0 — 2 5 0U «fiU<»100~l 
5 OttfXEffl-e&y, K3tU»3~10 0kg/c 
m 2 , Sf£b<li3 — 8 0 kg/cm 2 0)*6BT?fe*J, 
»^UXB#^i:U-Ctt0. 5-10^ «f*L<(il 
~5fr(D9mxm?.Zti2>. 2^ |^£E^T% fittl 
0~5 0V-?l~5ftHmm~7VZ*fjoZk1,Z&V, 
gS^5~5 0mmgSt% ft&£tfO. 50~0. 7 

[0021] &< Lxm^ntznms/- m*> *&®<b& 

mmmtLX(mm^mmL, &my-h 

*mix\*. z<D&?%me& 
hwrn^t zimizmmLx, immo&R&is- h & 

[0 0 2 2] 1-#*r^ *^JtCB^-Ctt> Brfi3»®'fb 
C) £^(D*igft*JWJLfc#«^ 1 2 0-25 01CIC 

mo* L/ -cows* *s t msizmm *%&mitz-& 
sa\ ilf&iii 2 o— 2 5 orres— 1 20^, 

L<tel 30-2 30tTTr2 0—8 Oimm&thk, 

m.mm(mmvi& y ±t urs/- h Awa^-t^ir \-c 
mvi^ 5^ftbL£:#?LSt^--h£f#S£i:tf 

±0S£E** & V vf J: I Vft 1 - 1 0 k g 

/cm 2 oymmxmiir&zktfx&z. aaeag 
ffift_kEsflyKz>jaEE^a«u ffijeoff^aTKittjiiE 

3ft*t*J:3K:H«Lfc:/u;^fcttfflUfcy, ffi5&7> 
fltSETF t - ftHWWr * J ?>&3!fc if £{£ 



[0 0 2 3] tfflBIIMHKE8'ei& ffl5ZLtzJ5m 
Lfe^TLS^- h ftf#£ 

[0 0 2 4] #3SHJ!lC;f3^-C«u U^S«{CBuIB(7^i: 

c^ywwasttfc-r*. 3<7)f^(7)^iasi:LTtt8 

0 «f*U<ttl 0 0 0-3 0 Q.OX3fl9«K 

10 ^Stttf^^H^T, -&fb££*#;*, *fcii^b£S 

[00 2 5] 

20 %£^ihi^vxm&<m&mmtt*nzzk 

<oi\ £8i^fc*y»sftfc»aaiafefco"ca3 
y, ^fc«M«!iKft*UTv^a)^ mtfiisia^ 

[0026] 

mmmt b rwmw 3 mm©if 

30 C (MO K^y^*k K^-*-#S-2 3l, 

(«0 *k ^;u^-;i/S-8 9 5] ft^-ti^tUc^tc^ 

-(c^it^-&> 7Kttx9'j-ft^ dtufcyiwmfciccfc 

yj/-ht»*U l£j*bT, j^l»NI6 0fiS%ft^ 
%Lfc4 0 0 g/itf ©Bftft^rt-61*asiiieWb7x 
>-;i^ffiS/-hAft#fe. ttW&c, mSLItVv 

mmwmz os*%ft#*tfc3 o o s/m* nm* 

40 [0 0 2 7] fcfc, tWBtfcS/-hAfcS/-hBfe*n 
^iXjE^^W (3 0 0 mm x 3 0 0mm) tCiB&rU ^ 
- h A3Wthifi:*Tii4:*6 cfc^ic^- h AfcS/- h 

a»*ftJ§ft«Lfc. dil«bft4 0 0mmX4 0 0mmX 

5 o h» ft^^x_5.ojcngv^« 2 -<aEiiZ:^^ 
"CflSffij'Tf 2 A^3^^v„pffiiS40t;-e 

50 3 (rm&^WcV- h C. D, Eftf#£. ^V>T?> 3 



7 

0)7miti;-\>(Dffl21 (E32D S^aOOmm, rti 
#25 mm<7)T)l$.mx*— tf— BA,£&, 

— y— <nmxi&mis/- v c, d. Eic*ru, 

ill 4mm, 2 2mm, 3Omm0t)©4ffl^fe. 
[0 0 2 8] LfrSWC, 8U^(DJlH»^b^.«%ffl^ 
T, 5kg/cm 2 <Z>ffifr~F"ei4 0TrC3 0dk 

<wb**»iwl mmmz-sz twmicT&KM 

ItZitX, «*g#0. 15g/cm 3 1 
4 mm, 2 2 mm, 3 0 mmO)#?LK^— h H 

c zoimMis-h*. ^imxxmsrF-es 20 
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«**ttl. J, Ktf>fc**«:, 0. 15g/c 
m 3 , /fUWi#*12mm, 19 mm, 2 6mmtrfeo 

TS^Ufcfc^Ol, J, K(7)ffl«BftSttx #*2 1, 
2 2, 2 3 kg/cm 2 Tr&-o;£„ 
[0 0 2 9] 

*W*ffcSft"Ovc ****** <T 



